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1
OPTICAL SWITCH ACTIVATOR

This application is a national stage application under 35
USC §371 of PCT/US2012/69866, filed on Dec. 14, 2012,
which is incorporated by reference herein in its entirety.

TECHNICAL FIELD

Use invention relates to an optical switch activator, and
more particularly to an optical switch activator where the
reflector is a glowable diffuse reflector.

BACKGROUND ART

The inventors have developed an optical switch/switch
activator for use in hazardous and non-hazardous environ-
ments, and more particularly to a float activated optical
switch, where the switch activator includes a movable
obstacle that can interrupt a beam of light (or pass a beam of
light, depending on the orientation of the activator in the float
body). See for instance, U.S. Pat. No. 7,234,830, hereby
incorporated by reference. Improvements to the optical
device are shown in PCT/US2007/70122, filed May 31,2007,
hereby incorporated by reference.

The earlier embodiments included two light guides (such
as fiber optic cables), one connected to a source of light, the
other connected to a light detector. Each light guide has a
distal end positioned in an activator, where the two distal ends
are separated by a gap but can be optically aligned. An opti-
cally opaque means to interrupt the beam of light is movable,
and in one position, blocks the light path (optical path absent)
and in another position, does not obstruct the light path (opti-
cal path present). Hence the device operates as a switch upon
detection of the presence or absence of light by the light
receiver. As disclosed in the PCT/US2007/70122 application,
one embodiment has the moveable member or a means to
interrupt (such as a reliable ball, or slidable cylinder or slug)
positioned in an ampoule containing a fluid to reduce “switch
flutter”” However, generally configurations shown are not suf-
ficiently compact to create a compact activator for use in a
small bodied switch, such as a small diameter float switch.

BRIEF SUMMARY

The invention comprises an optical switch activator with
the optical fibers (light guides) disposed in an optical housing,
where the optical fibers are preferably in an in-line configu-
ration, such as parallel optical fibers, with the fibers aligned
with a portion of the path of a moveable member. The acti-
vator may be deployed in a float, either a narrow angle or wide
angle embodiment, or in any general switch body. The switch
may include a delay means (internal or external to the housing
of the activator) to delay movement of the movable member.
The activator may also be deployed in any type of mechanical
activated or human activated switch. The invention also
includes any type of optical switch where the switch housing
or movable means is partially constructed of a material that
will glow with reflected or emitted light, or the switch housing
contains a fluid that will glow. By “glow” is meant a non-
specular reflection, such as a diffuse reflection, where the
incoming light is reflected or scattered in a broad range of
directions, or where the incoming incident light is re-emitted,
such as from chemiluminescence. A glowable member may
also have incident light penetrate the surface of the reflector,
and be reflected or scattered back toward the surface of the
reflector, and hence, the diffuse reflected light appears to be
coming from the interior of the reflector, or from behind the
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reflecting member. Not all diffuse reflectors will have internal
scattering contributing to the diffuse reflection. Contrarily, a
specular reflection is one produced from a polished surface,
such as a mirror. As used herein, reflection refers to a diffuse
reflection. The reflecting member scatters light (either from
the surface, internally, or both, by reflection or re-emission) in
a wide variety of angles, and hence the reflecting material
appears to glow, that is, the reflected light appears to be
emanating from a large portion of the reflector.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is one embodiment of the invention with optical
path present.

FIG. 1B is the embodiment of the invention with optical
path absent.

FIG. 2A is another embodiment of the invention using a
stop ring with optical path present.

FIG. 2B is the embodiment of the invention in FIG. 2A with
optical path absent.

FIG. 2C is another embodiment of the invention of FIG. 2A
using a different stop means.

FIG. 2D is another embodiment of the invention using a
curved housing.

FIG. 3A is a detail cross section of the end of a housing,
detailing one possible end cap configuration.

FIG. 3B is a detail of another end cap configuration when
a beveled plug is used.

FIG. 4A is a cartoon showing a threaded housing for
threading into a collar of a float.

FIG. 4B is a cartoon showing a housing sized to be inserted
into an internal chamber in a float.

FIG. 5 is a cartoon showing a narrow angle float embodi-
ment.

FIG. 6A is a cartoon showing a wide angle float embodi-
ment.

FIG. 6B is a cartoon showing the activator details resulting
from the movement of the float in FIG. 6A.

FIG. 7 is a cross section through one embodiment of a
housing having a delay means.

FIG. 8A is a cartoon depiction of a toggle wall switch using
the activator.

FIG. 8B is a cartoon depiction of a push button switch using
the optical activator.

FIG. 9 is a schematic depletion of a sump pump with the
optical inline activator, with the light source and light receiver
mounted on the top interior covering of the sump pump.

FIG. 10 is a cartoon showing a magnet used as a delay
means.

FIGS. 11A and B are cross section views through one
embodiment using glowable material as the housing. FIG.
11A shows optical path present, while FIG. 11B shows opti-
cal path absent.

FIGS. 12A and B are cross section views through another
embodiment using glowable material in the switch housing.
FIG. 12A shows optical path present, while FIG. 12B shows
optical path absent.

FIGS. 13A and B are cross section views through one
embodiment using glowable material as the moveable mem-
ber sidewall of the activator. FIG. 13A shows optical path
present, while FIG. 13B shows optical path absent.

DETAILED DESCRIPTION

FIG. 1A shows one embodiment of the optical switch 100.
Shown is activator housing 1 (here shown as a clear hollow
plastic cylinder), a light source 10 (such as a LED) and a light
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receiver 20, and two light guides 4 and 5 (also referred to as
optical fibers); one guide 4 connected to the light source with
distal end terminating at or in the activator housing, the other
light guide 5 connected to the light receiver 20 with distal end
terminating at or in the housing. Also, contained in the acti-
vator interior 6 a movable member or movable means 2 (here
shown as a rollable ball), that moves along a path. The acti-
vator housing is generally used to position the distal ends of
the optical fibers with respect to the path of the moveable
member. The activator housing or body 1 is any device used to
contain the moveable member, and is not required to be a vial
or closeable chamber. It may be desirable, but not required,
that a friction reducing fluid be contained in a closed housing,
such as mineral oil, or polydimethylsiloxane, available from
Clearco Products of Bensalem, Pa. (grade 350 being pre-
ferred), and used, for instance, as a delay means.

As can be seen, the two light guides 4, 5 terminate in or near
the activator housing 1 adjacent to one another with the ends
of'the distal cables being substantially aligned with the axis of
the housing or the axis of the moveable member’s path adja-
cent the fiber’ distal ends (so light is transmitted “down” the
path, or parallel (in part) to the path of the movable member
in the housing). When the optical fibers terminate at or near
one end of the path that the moveable member moves on (such
as shown in all embodiments shown in FIGS. 1, 2, and 3), the
fibers do not have to be parallel, however, for the small foot-
print optical activator, it is preferred that both fibers are not
substantially perpendicular to that portion of the path of the
moveable member when the moveable member is closest to
the distal ends of the respective fiber. For instance, as shown
in FIGS. 1, 2, and 3, the distal ends of both fibers are substan-
tially parallel to the path of the moveable member when the
moveable member is adjacent the fibers. Even in FIG. 2D,
when the moveable member’s path is curved, the fibers are
nearly parallel to the path of the moveable member adjacent
the respective fibers. While these fibers shown in these figures
are nearly parallel (0-30 degree variance of each fiber from
the axis of the path of the moveable member), such is not
required. However, for a compact activator, it is preferred that
both distal fiber ends are not substantially perpendicular to
that portion of the path of the moveable member adjacent the
respective ends—that is, that that both two fibers do not
“look™ across the path of the moveable member, as this
increases the size of the activator. Additionally, (not shown)
the two light guides may terminate on or adjacent the exterior
of the housing if the exterior of the housing is optically
transmissive. The two light guides (generally an optical fiber,
wither of a suitable plastic or glass) can also terminate in the
housing, adjacent to the housing or penetrate through the
housing of the activator (e.g. coupled to the activator).

With a switch deployed in a floatable housing, the optical
fibers will bend as the float rises and falls. The fibers may be
bundled in a cable, and the cable may contain more than two
fibers. Many embodiments of an optical switch generally
orientate the two fibers are “visible” or optically aligned but
separated by a gap in the housing, and where the moveable
member or movable means (also referred to as a “means to
interrupt” the light path between the two fibers) is an opaque
(or a material that changes the characteristics of the emitted
light) that is movable to position in the gap the two fibers,
thereby interrupting (or modifying) light transmission
between the two fibers. The means to interrupt optical align-
ment of the two light fibers may be for instance, a rollable or
slidable ball or bar or cylinder, or an opaque fluid positioned
within the internal chamber, partially filling the chamber. If
the housing floats, at a certain level the floating housing will
tilt (as it is tethered by action of the cable that is tied to an
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internal or external fixed weight, or the housing is attached to
another stationary device with a cable or tether) and as it tilts,
the means to interrupt optical alignment (the moveable mem-
ber) will move within the internal chamber due to gravita-
tional forces. If the degree of movement is sufficient, the
means to interrupt optical alignment will occupy the gap
between the two fibers and will block (or unblock) the light
path between the two terminal ends of the fiber optic cables 2.
To accomplish this, the light fibers in those shown switch
activators were orientated at a substantial angle across the
switch housing axis, such as at a right angle to the housing
axis. Orientation of the both light guides across the axis of the
housing are referred to herein as “side activated configura-
tions.” In the side activated configurations, two light guides
could be parallel, or at an angle, or opposing each other,
generally with both fibers substantially perpendicular to the
path of the moveable member.

In one embodiment of the present invention, the axis of the
activator housing (represented in FIG. 1A by dashed line 80),
along which the movable means travels (e.g. the path of the
moveable member), is substantially aligned with the orienta-
tion of the distal ends of the light guides as they terminate at
the housing. The light guides point substantially “down” the
housing (in the direction of motion of the movable means),
instead of “across” the path (perpendicular to the direction of
motion of the movable means). The light guides may still be
at an angle to the housing axis in the “inline” configuration,
(for instance, 0-30 degrees from the axis still considered
substantially or nearly aligned with the axis of the switch
activator housing), as with diffuse reflection, orientation of
the fibers is not as sensitive as it is with specular reflection.

In the inline configuration, the two fiber distal ends will be
separated by a gap between them, even if placed side by side
(with no gap, the two fibers are essentially one fiber), and the
movable means occludes or modifies the transmission of light
between the two fibers, for instance, by resting on one end of
one ofthe distal fibers, and thus also occupies the gap between
the two optical fibers—in this event, the movable means may
still interrupts transmission by occupying the gap between the
fiber ends.

In one embodiment, if the housing is a vial or ampoule
contained in of mounted on the activator body, the light
guides may be positioned in an endcap of the vial. With this
housing/cable orientation, the movable means 2 may have a
reflective surface that faces the light guides 4, 5 (see FIG. 1A).
If the moveable member is a rollable ball, preferably the
entire rollable ball is reflective, as any portion of the ball (via
ball rotation) may be the surface presented for suitable reflec-
tion of the incident light. In the inline configuration shown in
FIG. 1A, the two distal ends of the optic fibers 4 and 5, and the
moveable means 2, create an “optical path present” condition
generally throughout the range of motion of the movable
means 2 within the housing until the moveable member
moves along its path a distance suitably far from the emitting
fiber so that the diffuse reflection, while present, it too weak
to be detected by the light detector at the proximal end of the
receiving fiber. As used, optical path “present” means that the
light emitted by one fiber is picked up by the other fiber with
sufficient intensity to be detected by the light detection cir-
cuitry, while optical path “absent” means either the received
intensity is too weak to be detected, or one or both ends of the
fibers are occluded or transmission modified in such a fashion
to block or modify the light characteristics and avoid detec-
tion by the light detector. In an inline configuration (both
fibers looking down the path of the moveable member), this
generally implies a light path that reflects off one or more
surfaces in the switch activator. As shown in FIG. 1A, the
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shortest optical path is from the source fiber to the receiver
fiber, reflecting off the closest location of the moveable means
(the optical path is depicted by the dotted lines 60 in FIG. 1A),
however, with diffuse reflection, the relative location of the
two fibers with respect to the reflective surface, is not as
sensitive or limiting as with specular reflection. In general, in
the embodiment of FIG. 1A, if the reflecting member does not
re-emit light or have a substantial component of internal
reflection, the light path is absent when the moveable member
is located at position adjacent one or both of the fibers, such as
shown in FIG. 1B. Otherwise, the light path is otherwise
present throughout the path of the moveable member, pro-
vided that the strength of the emitted light, after reflection,
upon arrival at the receiver fiber, is sufficiently intense for
detection by the light receiver 20.

The optical path between the distal ends of the cables
remains uninterrupted (e.g. optical path present) generally
until the movable means moves to occlude or block transmis-
sion from at least one of the distal ends of the light guides to
the other light guide (optical path between the fiber ends is
now absent). However, if the moveable member provides
significant internal reflection, or re-emits the incident light
(for instance, white PVC, or the Accuflect ceramic material
later described), then the optical path will be present even at
the position shown in FIG. 1B position, through the material
via internal reflection (even when the moveable member
touches the fiber distal ends), and optical path absent will
occur when the moveable member 2 moves a certain distance
(and beyond) from one or both of the distal ends to sufficiently
attenuate the light at the receiving fiber, such as shown in FIG.
2B. Dependent on the strength of the emitted light, the sen-
sitivity of the receiver, and the degrees of reflection off the
glowable member, the separation distance to achieve attenu-
ation may be made small.

As shown in FIG. 1B, the moveable means is positioned
adjacent to that portion 40 of the housing where the optical
fibers enter the housing. In the position shown in FIG. 1B,
both distal ends 4, 5 may be occluded by the moveable means
2, preventing the formation of an optical path (when the
moveable member substantially lacks internal subsurface
reflections). To assist in occludation of at least one of the
distal ends of the light guides, the portion of the housing
where the cables are located may be formed in a shape that
accommodates the shape of movable means 2. For instance,
shown in FIG. 3A is a rolling ball movable means 2. The
housing 1 terminates in a cap 43 into which the cable ends are
positioned. The surface of the cap facing the interior of the
housing is hemi-spherically shaped to accommodate the
rollable ball. As shown in FIG. 3B, the movable means 2 is a
slidable plug, with one end 2B of the plug beveled. In these
embodiments, the housing 1 terminates in a cap 43, where the
interior of the cap is shaped to accommodate the beveled end
of'the plug 2. The shaped ends may also be employed to assist
in the formation of optical path present where the reflecting
movable member provides internal scattering.

Another embodiment of the optical switch 100 is shown in
FIGS. 2A and 2B. The structure in FIG. 2A is comparable to
that of FIG. 1A except the housing is longer, and the interior
of'the housing contains a stop means 3. Stop means 3 may be
an annular ring, ledge or partial ridge positioned in the inte-
rior of the housing 1, or an inward projection 44 located on a
endcap 43 on the housing (see FIG. 2C), or other device to
prevent the movable means 2 from passing the stop means 3.
Preferably, stop means is not reflective, either diffuse or
specular. In this embodiment, a light path is always present
from source fiber to receiver fiber when moveable means is
anywhere in the interior until the moveable means is so far
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6

distant that the reflected light received at the receiver fiber is
so attenuated that is not detected by the tight receiver. The
length of the housing necessary will depend upon the strength
of the light source at the emitting distal end 4 and the sensi-
tivity of the receiver 20.

An alternative embodiment would be to utilize a curved
housing, such as shown in FIG. 2D. In this embodiment, the
reflective surface of the movable means 2 is not “visible” by
the emitted light beam when the moveable means is posi-
tioned at the far end of the activator housing (shown by the
dashed Figure in FIG. 24). In this configuration, the fibers are
not orientated inline with the path of the moveable member.
However, this configuration is not preferred, as the compact-
ness of the activator is compromised, and for a float embodi-
ment (later described), the axis of the housing is preferably
substantially aligned with the axis of the float body.

As can be seen, the inline configuration, particularly where
the distal ends are positioned nearly parallel such as shown in
FIG. 1A, presents a compact activator that may be used as an
optical switch in any switch application. A preferred embodi-
ment is to position the switch activator in a float or floatable
switch. With the present activator, the float body can be of
smaller diameter than previous configurations, as there is no
need to position the optical fibers substantially at right angles
to the axis of the activator housing. The present activator can
be made as a sealed unit that can be used to replace or retrofit
older generation mercury switch activators or mechanical
activators. For instance, shown in FIG. 4A is a typical stain-
less steel float 90 with a threaded collar 91 positioned on the
float 90. Switch activator body 61 of the present invention has
a matching threaded portion at the end of the housing distal
from the cables, and may simply be threaded into the float
collar91. FIG. 4B shows a prior generation float that typically
uses a mercury switch activator with the float and was pow-
ered by electrical current. Due to the need to reduce the uses
of' mercury, itis expected that these types of switch activators
will be phased out. The prior mercury switch activated float
may have the mercury switch removed, and the new optical
switch activator fixed into place in the interior of the float,
such as by potting. Alternatively, if the switch activator is a
sealed unit, the activator may simply be attached to the float
tether cable near the float body.

In a float embodiment, the housing containing the movable
means may be mounted on a flexible paddle, and the paddle
mounted in the float body, so that the paddle flexes in response
to a shock load. One embodiment of such a paddle is dis-
closed in PCT/US2009/051714, hereby incorporated by ref-
erence. The paddle shape should be modified for the particu-
lar shape of the float body chosen.

Another embodiment of the switch activator 100 design
depicted in FIG. 1A, is to construct the housing 1 or a portion
of the housing (such as partial liner in the housing) from a
material that will reflect or re-emit the light from the emitter
or source light guide, resulting in that portion of the housing
to appear to glow (the moveable means may be a constructed
from such a glowable material in the embodiment depleted in
FIGS. 2A and 2B). Alternatively, the friction reducing mate-
rial may be a fluid that will re-emit light (not necessarily of the
same characteristics as the illuminating light) when illumi-
nated by a suitable light source and hence appear to glow (e.g.
light appears to be coming from many directions). For
instance, fluorescent additives may be used in the friction
reducing fluid for illumination with an ultra-violet black light
from the light source 10. The light receiver should be config-
ured to detect the light emitted or reflected by the housing or
the fluid, as the case may be, and the reflected or emitted light
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may be of different characteristics (e.g. frequency, polariza-
tion) from the illuminating light.

One material suitable for use as a glowable material is a
high reflectance ceramic material, Accuflect, available from
Accuratus Corp of Phillipsburg, N.J. Accuflect, as described
as a ceramic material that reflects 95% to 99% of incident
light from 450 nm to 2500 nm, where the reflectivity is essen-
tially non-specular with nearly perfect Lambertian behavior
across the entire spectrum. Accuflect will glow when illumi-
nated by a LED, and the glow is detectable with a sufficiently
sensitive light detector. Further, Accuflect also glows due to
both surface and internal reflection.

Particular embodiments of the housing using a glowable
material are shown in FIGS. 11, 12 and 13. Shown in FIGS.
11A and 11B is an embodiment where a portion of the hous-
ing 1 is constructed from a glowable material, such as Accu-
flect. Located and slidable or rollable in the housing is a
movable mean, which is substantially non reflective. In the
configuration of FIG. 11A, light is emitted from the distal end
of fiber 4 (preferably, the emitting end is pointed toward the
portion of the housing sidewall which is glowable (not
shown). The emitted light is reflected or re-emitted by the
housing 1 where it is subsequently detected by a light detector
connected to fiber 5. As shown in FIG. 11B, movable means
2 has moved to a position adjacent the fibers 4, and 5, and
hence, in this embodiment, movable means blocks or
occludes for the distal end of both emitting fiber 4 and receiv-
ing fiber 5 (for the switch, it is not necessary to block both
distal ends). In the configuration shown in FIGS. 12A and B,
housing comprises a slidable member 1A (here a cylinder),
and a fixed member 1B (also shown as a cylinder). As shown,
fixed member 1B contains the distal ends of the fibers 4, and
5. Housing 1A side is constructed of glowable material, while
housing 1A end or cap 1C is an opaque material (opaque in
the sense that it effectively blocks transmission of light from
the source to the light detector—for instance, if the emitted
light is white, and the light receiver is sensitive to red light,
then cap 1C may be transmissive, but comprise a green filter,
so that light received by light receiver 5, after passing through
cap 1C, is not of the characteristic to which the light detector
is sensitive). As shown in FIG. 12A, light emitted from fiber
4 is reemitted or reflected by glowable housing 1A side, and
detected by light receiver connected to fiber 5. In FIG. 12 the
housing 1A has slide down housing portion 1B, and end cap
1C occults the transmission path between the two fibers. The
embodiment shown in FIGS. 13A and B is similar to that
shown in FIGS. 12A and B, but in this instance, sidewall of
housing portion 1A is opaque, while endcap 1C is glowable.
In the configuration of FIG. 13A, the end cap 1C is suffi-
ciently distant from the emitter fiber so that any re-emitted
light is too weak to be detected by light detector connected to
receiving fiber 5. In the configuration shown in FIG. 13B,
housing portion 1A has slid toward housing portion 1B suf-
ficiently so that the light re-emitted by glowable cap 1C is
detectable by a light detector connected to fiber 5. As
described, these embodiments are generally the in-line con-
figuration, although the glowable member tube or movable
member may be used in a side-activated environment (for
instance, the walls are glowable material, and the moveable
member is opaque) or in almost any configuration. As an
example, the two fibers can be at opposite ends of the switch
housing, for instance, on the same side of the housing, pointed
across the axis of movement of the moveable member. The
moveable member would be a glowable member—hence,
when the movable member crosses the path of the light source
distal end, the moveable member will glow thereby allowing
the light receiving fiber to detect light; when the glowable
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movable member moves away from the light source fiber
distal end, the moveable member ceases to glow, and hence,
no light is detected at the receiving fiber distal end.

While the switch activator of the present invention may be
used in a hazardous environment, such as a pump vault or a
wastewater treatment chamber, the invention should not be so
restricted and may be deployed in any environment. The
activator may be deployed in a floatable housing (or the
activator is the floatable), and used, for instance as a float
activated switch. However, the invention does not have to be
deployed in any type of float. The activator could be used in a
wall switch, where the moveable means is a slidable arm or
pivoting arm, such as shown in FIG. 8 A. Any type of common
mechanical switch could use the diffuse reflecting activator,
such as a push button switch (shown in FIG. 8B), toggle
switch, slide switch, reed switch or other mechanically acti-
vated or human operated switch. In these embodiments, the
housing generally houses the activator (push button, toggle,
etc.) and also houses the terminal ends of the light cables.
Indeed, a three-position switch, for example a hand-off-auto
switch, can be built. For instance, the three position switch
re-directs the source light to various receiver fibers (or to no
fiber), based on switch position. This can be achieved by
using two or more light guides as receiver fibers, where each
fiber is connected to separate light detectors, (or to a single
detector with the ability to detect different frequency of
received lights, for instance, achieved by using different col-
ored light guides or a colored filter over the distal end of the
receiver fiber). Four position or more positions switches can
also be built using the same principles.

In these mechanically operated or activated switches, (in-
deed, in any of the optical switches, including float switches)
a delay means or friction reducing fluid may not be preferred.
Further, in these mechanically operated switches, the light
source and light receiver, such as disclosed on the PCT/
US2007/70122 application, would generally be located
remotely.

Wide Angle Float Embodiment

As disclosed, the activator, when placed in a float body,
may be considered a narrow-angle activator—that is, a minor
variation in the angle of the float will result in the activator
changing position (from optical path present to optical path
absent). For instance, when the float is horizontal, a minor
move up will result in one switch condition, while a minor
move down will result in the opposite switch condition. See
FIG. 5. The narrow angle float will operate much like a
mercury switch activator. To use the present activator into a
“wide angle” switch activator, a means to delay the movement
of the movable means is desired. In some literature, float
switches are designed as “tilt” switches or tilt detectors.

The means to delay movement 30 (delay means) of the
moveable means includes using magnets suitably positioned
along the housing exterior in conjunction with a magnetically
interactive movable means. Shown in FIG. 10 is a cartoon
depicting the movement of a slidable magnetic interactive
cylinder or slug (here stainless steel cylinder (sometimes
denoted 300 series stainless steel having approximately 18%
chromium and 8% nickel)) in a housing or vial and a “horse-
shoe” magnet positioned in the interior of the float where the
two ends of the horseshoe near the sides or ends of the
ampoule. The horseshoe magnet is shown for purposes of
illustration and is not preferred (for instance multiple discrete
magnets could be employed). As the float moves from posi-
tion A through position D, rotating “upwardly,” the slug
“sticks” to housing near the magnet, say near the N pole of the
magnet. Before or at position E, the gravitational force over-
comes the magnetic force and the slug slides downwardly. As
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the float rotates “downwardly” from position E downwardly
(not shown), the slug will again stick to the housing near the
S pole of the horseshoe magnet and will release when the float
returns to a position before or at position A.

The actual release point of the slug can vary by modifying
the strength of the magnet, the weight of the slug, or the
magnetizability of the slug’s material. In use, the location of
the magnets can vary. For instance, a single donut style mag-
net positioned around the middle of the chamber or a bar
magnet positioned near the middle of the chamber, or using a
magnet as the slug and positioning weakly magnetic material
at each end of the ampoule or chamber, are possible locations
of' a magnetic delay means embodiment. As used herein, a
weak magnetic interaction means that for a given magnet and
slug or moveable structure (or vice versa, where the magnet
moves), the magnetic force exerted between the slug or
device and magnet is insufficient to overcome the gravita-
tional force acting on the slug, thereby allowing the slug to be
released at some point as the position of the slug approaches
vertical, as shown in FIG. 10.

Alternatively, the moveable means may have its travel
interrupted by a structure located in the interior of the hous-
ing, such as ridges or depressions positioned in the interior of
the housing to create an area that will catch and bold the
movable means until a desired angular movement is
exceeded. For instance, shown in FIG. 6 A is a delay means 30
that is a ring or annulus 40 positioned in the interior of the
housing. A rollable ball 2 is used as the moveable member or
movable means 2. The ring 30 in the housing chamber insures
that a ball 2 positioned in the chamber will not move from
position “a” (unblocked) to position “c” (blocked) without a
sufficiently large enough movement of the float to allow the
ball to roll over the ridge created by the ring 30. The ending
position of the ball 2 would not be altered by minor fluctua-
tions in the float position. The delay means may be created by
a series of upstanding projections, for instance four projec-
tions at 0, 90, 180 and 270 degrees, or other combination of
projections or ridges or depressions that will delay movement
of the moveable means until a desired angle is reached (all
considered as delay means).

Further, an hourglass shaped vessel may be used, where the
neck of the hourglass can pass the rollable ball, or specially
designed segmented cylinders, may be employed, where the
shape of the chamber is used to delay the motion of the
movement means to create a wide angle embodiment. Other
movable structures, or other light blocking device (e.g.
opaque liquid) may be employed to delay the movement
means.

Shown in FIG. 6 A is a wide angle float embodiment depict-
ing the movement of the float and light guides as ambient fluid
(here depicted as water) rises and falls. The optical fibers are
contained in a cable that is tethered or fixed to a location
remote from the float body. The moveable means or member
2 must be able to pass over the delay means (such as a ring,
annulus or other ridge feature or trough feature in the housing
interior), but only when the tilt angle ofthe float is sufficiently
large. The delay means may be shaped to assist the process,
such as shown of the ridge delay means 30 shown in FIG. 7.

FIG. 6B shows the switch activator used in the embodiment
of FIG. 1 incorporating a delay ring 30. As can be seen in FIG.
6B, at position “a”, the activator has optical path present. At
position “b,” with water rising, the movement means gets
hung up on the delay means 30. Not until a sufficient angular
movement is exceeded, does the movement means 2 clear the
delay means 30 (shown as position “c”), creating the condi-
tion of optical path absent. It is important that the interaction
of the delay means, movement means, and housing (here the
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end cap) in the embodiment shown in FIG. 6B, maintain the
movement means in a blocking relationship with at least one
of the light guides as the water falls, in order to maintain
“optical path absent” condition until a sufficient angle has
been achieved.

For instance, as shown in FIG. 6B, “optical path absent™ is
the condition shown in positions ¢, d and e. Hence, the delay
means holds or latches or locks the moveable means in place
to maintain the activator in an “optical path absent” configu-
ration, blocking one or both of the light guides, until a suffi-
cient angle has been achieved as a result of falling water
levels. One embodiment of the delay means for such use is
shown in FIG. 7. Shown is delay ring 30, and factional fluid
90. Delay ring 30 touches the moveable means 2 at its widest
point. The frictional forces between the fluid, delay ring and
moveable means 2 (here a ball) will keep the movable means
2 in an occluded relationship until a sufficiently large angle is
achieved, and gravity will overcome the frictional forces,
allowing the ball to pass through the delay ring. A wide angle
float can also be achieved with the configuration of FIG. 2, but
in this instance, the delay ring is not adjacent the end cap of
the housing near the optical fibers, but will be remote from the
optical fibers.

The delay means (such as a delay ring) may also be used in
“side activated configuration” activators, whether in a float
embodiment, or simply a switch. A delay means can be an
electronic circuit (such as a timer or RC circuit) that delays
the alteration of the switch from one state (e.g. switch “on” or
active), to a second state (e.g. switch off or inactive). In this
instance, while the delay means does not delay the movement
of the movable member, it delays recognition that the mov-
able member has moved, and is also considered as a “means
to delay movement of the delay member.”

In a float embodiment, a preferred embodiment is a non-
orientable float. In such a float, the float body can rotate about
an axis through the float (generally, an axis that starts at the
tethered cable entry to the float, through the center of the float
inferior, to exit generally opposite the cable entry). For a
non-orientable float, the axis of the switch housing should be
substantially aligned with the axis of float body, where rota-
tion of the float about the float axis will not adversely impact
the operation of the switch activator.

Sump Pump Embodiment

A wide angle float is generally used in a sump pump, a
pump used to remove water that has accumulated in a pit used
to collect water. A float is used as a switch activator, to turn the
pump on when sufficient water is in the pit, and to turn off the
pump when sufficient water has been pumped out of the pit.
Sump pumps are available from a wide variety of vendors,
such as Hydromatic, Zoeller, Wayne, Flotec and many others.
Current generation float activated sump pumps use either a
mechanical switch activator, or a mercury switch activator.
The mechanical activators tend to wear and require replace-
ment, and the mercury switch activators contain a hazardous
material. An optical switch activator can solve these problem
with the small diameter optical switch float used in sump
pumps, where the light source and light detector are located in
an internal cavity in the pump, such as near the pump top. A
picture of such an embodiment is shown in FIG. 9. In a sump
pump, a delay means is usually needed in the device to create
a wide angle float activator. Since a sump pump operates in
small areas, the inline activator configuration is preferred,
such as shown in FIGS. 1 and 2, but the side activated con-
figurations can be used with a sufficiently large float body. In
a sump pump, the sump pump will include a pump switch
activator that controls the flow of electricity to the pump. The
fiber cables have proximal ends that connect to a light receiver
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and light detector, and the absence or presence of an optical
path through the optical switch is used to turn the pump on or
off (generally, a relay will be used).

While the present invention has been described in connec-
tion with a number of embodiments and implementations, the
present invention is not so limited but covers various obvious
modifications and equivalent arrangements.

In the embodiments disclosed, the switch includes an acti-
vator with a moveable member, and the moveable member
transitions for a first position (optical path present) to a sec-
ond position (optical path absent) with movement of the
activator housing

The invention claimed is:

1. An optical switch activator comprising an activator body,
and a first and second optical fiber each having distal and
proximal ends, said optical fiber distal ends coupled to said
activator body, said first optical fiber connectable to a light
source at said first optical fiber proximal end, and said second
optical fiber connectable to a light detector at said second
optical fiber proximal end, said optical switch activator fur-
ther comprising a moveable member, said moveable member
moveable along a path between a first position and a second
position upon said activator body, where a portion of said path
adjacent said first or said second optical fiber distal ends is not
substantially perpendicular to said distal ends of said first and
said second optical fibers, further when in said first position,
an optical path is present between said distal ends of said first
and second optical fibers when light is emitted from said
distal end of said first optical fiber, and in said second posi-
tion, an optical path is not present between said distal ends of
said first and second optical fibers when light is emitted from
said distal end of said first optical fiber, and said activator
body or said moveable member further comprises in part a
glowable diffusely reflecting material, where diffuse reflec-
tion of light from said glowable member is used in establish-
ing said first position of optical path present.

2. The optical switch activator of claim 1 wherein said first
and second optical fibers are orientated nearly parallel to one
another at said distal ends.

3. The optical switch activator of claim 2 wherein said
distal ends of said first and second optical fibers are orientated
in a side-by-side configuration.

4. The optical switch activator of claim 2 wherein said
activator body has an axis of orientation being defined by an
axis extending through said distal end of at least one of said
first or second optical fibers, and wherein moveable member
path is substantially inline with said axis of orientation.

5. The optical switch activator of claim 2 further having a
means to delay movement of said moveable member.

6. The optical switch activator of claim 3 wherein said
optical activator body has an axis of orientation being defined
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by an axis extending through said distal end of said first
optical fiber, and said path is not inline with said axis of
orientation.

7. The optical switch activator of claim 3 wherein said
optical activator body has an axis of orientation defined by an
axis extending through said distal end of said second optical
fiber, and said path is not inline with said axis of orientation.

8. The optical switch of claims 6 where said path of said
movable member is a curved path.

9. The optical switch activator of claim 1, and said activator
body having a portion that is movable, and said moveable
member moving between said first position and said second
position in response to movement of said movable activator
body portion.

10. The optical switch of claim 9 wherein said activator
body further comprises an exterior housing, said exterior
housing being said movable portion of said activator body.

11. The optical switch activator of claim 1 wherein said
activator body is floatable in a desired fluid.

12. The optical switch activator of claim 1 wherein said
moveable member is a portion of a housing.

13. The optical switch activator of claim 1 further compris-
ing an exterior housing, said exterior housing being move-
able, said activator body coupled to said exterior housing so
that said activator body moves in response to movement of
said exterior housing, said moveable member moving
between said first position and said second position in
response to movement of said exterior housing.

14. The optical switch activator of claim 1 wherein said
second position comprises any position along said path where
said moveable member is a sufficient distance from said first
or second optical fiber so that light emitted from said first
optical fiber’s distal end and reflected from said glowable
material is not detected by a light detector when coupled to
said second optical fiber’s proximal end, and said first posi-
tion is any position of the movable member along said path at
a distance less than that of said second position.

15. The optical switch activator of claim 1 wherein said
first position comprises said movable member being adjacent
to or touching one of said distal ends of said first or second
optical fibers.

16. The optical switch activator of claim 1 wherein said
second position comprises said movable member being adja-
cent to or touching one of said distal ends of said first or
second optical fibers.

17. The optical switch activator of claim 1 wherein said
moveable member path comprises a curved path that has one
end terminating near said distal end of one of said first or
second optical fibers.

18. The optical switch of claim 13 wherein said exterior
housing is a float body.
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